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- FOREWORD o ,;' E 4
This Teport wag prepared by the Air Fozce mghtmmmics Laboratory (AFFDL), Direc-
toraie of Laboratoriés; Alr Force Systems Command, Wright-Patterson Air Force-Base, Ohic. - |
The work was inifiated mndsr ProjechNo, 6146, “Atmosphers and Thermsl Control,” Task b A
No, 614611, “Biochemical Teclnﬂq.ws of Ca.rbonmomchs Fmﬁon,”Dr. John P, AHem(FDFE), e ;
Project Enginger. oLk i L L
t)° @ onte 'y’, o ‘;5. o c‘ < 3
This report summarizes-the’ investigatiens and resultsIiwork: performed in the ahnosphere T N ;
Tegeheration and control'lsboratories of AFFDL from January 1966 to:October 1966, empha= . ‘g :
sizing studies on carbon dioxide absorption and desorptionby a tris buffer solution: cantaining + ;'
theé:enzyme; carbonic anhydrase. The mamiscriptwasreleasedby the author in Decemﬁer}.%s I
for publication-as a-technical Teport. ) o Sl o b :
: . = = '°°c @ MR RGE I
e 1 5%
All of the-items compareéd-in:this: report were commerczai items that were not develc;pgd or .. B g\ %
manufactured o meet Goverament gpecifications, to withstand the tests to-which-they were el
subjected,. or to operats as ‘applied during this study. Any failute to:meet-the objectives of — %
this study .is no:rellection on ady of the commercial items. discussed hérsin or on any manu- .43
facturer. . AT
This-technical report has been reviewed and is-approved. IR 5 é

Chief, anironmental Ceitrol Brancn
Vehicle Equipment Division
Air Force thht Dyna.mics Labo atory
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ABSTRACT SO _
] ST e i
One ccncept -of cdrbon -dioxide contrel.in serospace vehicie atmosphe*'e xegeneraﬁomand s A
contrél requirey an efﬁcient gas absorber which is-effective in-a.moist gas.stream. A tris VY- )
(hﬁ(hydroxymeﬂxyl)ammcmetbzne\ solution ¢ontainiug thé enayme, carbonic anhydrase SRR
(CA), was shidied as-to carbor dioxide absorptionand desozption. The carbon diaxide content e e g
and the pH changes wers monifored during the recyeling.of 4 gis-mixture through the PO
absorber solution.. Descrption was accomplished. by nitrogen aeration, The application-of c s wd
De potenﬁals to ths absorber soh.tion indicated anacceleration of ca.rbcn dioxide-desorption, L e %
Vacuum degorption of carhon dioxide without mtrogen bubhling was.net effe«.twe. Nitrogen g i
aeration at 33°C Was more eﬂecﬁve ‘than &t roomi- temperamre or:al 13°C, The. pli of the Sp e ,§
enzyme=tris solution varied inversely with thé carbon dioxide content. The iris solution PR
was.a more eﬁectxva carbondioxide ahsorber ﬂzanﬁ’fl N NaOE when the enzyme was preseat, P
A long time. sbe.o.h‘y of approximately five weehs for'a 70-m} aligdot,ai tris-at6.1 N/with $o o;%
10 mg of CA was fndiceted by the- repeated. absnrption and descrption runs. made-in-the-re= . A |
getieration studies, The application ¢i-a puffersd. enzyme solation to: carbon dioxide control SR
18 supporied by a rapia removai rate:-from-a recycling air- stream-aad a régeneration capa~ p= oo %
‘bility. This concept of carbon: dioxide coatrol requires additional research-for the- evaiuatiou R TR |
-of techniques’ #o.accelerste the carbon dicxide desorpticn.process. PRV 1S %
{This shstract is suh,,ect to- special expoyt controls and each transmittal to fox:eign gcvem- . ‘
; maents or f.oreign nationals may be made only with. prior approvaloi the Air Force Flight fe e
o Dynamics Laboratory (FDFE), Wn@b}"atterson Air Porce Bases, Ohio 45433 ) foe
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SECTION 1 T T

m“riwbn’cﬂeﬁ - R

This report discusses research on carbon dlmide abcorphon -angd-desc rption by a ’!:mo £olu~
tion ontaining - ¢atbonic anhydrase-(CA). Prpmous studies in-the Air Force. Flight Dynamics
Lehoratory {References 1. snd'2) and those of Graf ‘References 3.and -4) supported this-conoept
of & CA -catalyzed tris soiytion for ¢arbon dioxifle-contrel. Burk {Reference 5) propuzed the
use of the enzyme for cerbon -dioxide contrsl anssuhmm-ine atmosph.,re -confrol systems but
presented little supporting data, The experimeéntal work. reported hereqdncluded-a venﬁcahon
of the carhon dioxide absorption a.mi desorptionby 2 ﬁ'zs soluticn-with LA, auda- :camparison
of this sorptmn proeegs with that ¢f standard-carbon dioxide -absorbers. The zegenemﬁax;sof
the carhon dioxide absorption capacity .of the efizyme-tris solutionwas investigated by nee
-of nitrogen seration under s.chs.no*e of terperature, preéssure, and: pH, The- reéthods used were
arbitrarily stapdardized so tha.t day—i:o-‘day ahsorphon anddesorphon curyes cotidd'be oom>

paved. The Tesults are bresented in thé form of:carbon-dioxide ahsoxption-curves which, 7

indicate significant carben dipxide .concentration..changes and pH ¢hangs curves, Tahlated
data compares the remoyal Tates aspercentages.and the capacity-and eﬁecnven.ss dn-elation
to siandard -absorbers. T‘ne informaticn is-: chsnussed with the.gim.of appljang $his enZymic

f-a.a.‘lysls of carbon dioxide hydration to-the ammsphere «control pm‘hlem mmam'xedﬂnnmn—
mental-control systems

q

This ¢ffoft provides further information Gh the stability, cnpacﬂ;*, and regenerabﬂity of an
enzymic carbon dioxide absorber as a lzg_md syswm,. -with no direct-consideratien-given for
opersiion in a zerv gravity environment, 1t has been: suggested‘thathq!ﬂd gag'-a0S0rbers
would find spplication in induced gramty environments in rotatingdevices. However, the
appmach to farther work with enzymic gbsorbers wou‘ld be in the-use of buffered gnzyme
systems stabilized on inert substrates. These couldbefunctional ina mghly Humid atmosphers
such as would be present in an atmosphere:control-systein afterthe.air has been cooled fo-its.
dew point for humidity control. The high hum.tdity content favors the hydration i:oncept“'or
carbon dioxide control., The General American Tra.nsportatzon -Corporation (GATC) coneept

using the “Gat<o-Sorb® materisl is referenced hére ina NASA. spcnsored effort for g-carbon .

dioxide ahsorber {References6),

The theoretical basis for this work was the catalyms -of the reaction- i)f carbon d:oxlde with

water such that at pH~s less than 8, Reaction 1 occurred

CcO +1{20 T==== H,00, {Reaction 1) :
At pH’s greater ;than 10, Reaction 2 occurred: )
002 +OH ;;-::_..-—-—“._.... }iCO{ {(Reaction 2)

- Between pH 8 and 10, both reactions occurred and the overall reaction was a norman_yrapid

reversible inoxganic hydration yeaction, Reaction 3:

002 + H20

HyCOp === vt HCO,; (Reaction 3)

Enzyme activity in the pH range of 8 to 10'wae high and evidence indicabed that the-enzyme
catalyzed both reactions {Reference 7).

The absorption of carbon dioxide from airintris solution invelved-{1) the solution of ca.rbon
dioxide in the soluticn, (2) hydration of the carbon dioxide in the formation-of .carbonic acid
or the reaction of carbon dioxide with hydroxyl ions in the formation of a-kicarbonate ion,
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(3) the dissociation.-of the.carbonic acid o hyximgann.nd hicarbon..!,e ions, and-{4) the reaption :
of the bicarhonaie icne with the tris in the formation.of a salt;, abicarbonate, The buffering. .

a.ctmn of tris femuved the hyidrogen ions formed.m the:disgociat.on.of the carbonic acid and
thus maintained the basic pHE’s favormg ‘both the.- enzymic-activity ard. the- carhm diogide re-
action with hydroxyl iops. The sequence of reactjons resuited in a state.of. eqmlibrium de-
termined by the carbon dioxide concentration, temperature, aad dmsomation .congtants, CA.
cataljzad the attainment of this eguilibrim. The appatent dissociation.constant of carbonic
acid incieased dlrectly mth\tempemmn as did the enzyme a.nmty I‘he sohxbdz;y :0f carbon
dioxide in waler decrsased with femperature. Since: the overad..reaﬂ..ion wag. o .teversible

hyarahcn, wilt an increase in temperature gnd CA :preésentgosuon dioxide dasomnan mlght )

be expected: fo-Accelerate: :provided-the .carbon dioxide would be-vented - from the: solutzon, I}his
. : fdasoszhsn ProCcess ‘was- avaluated,
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) ‘ SECTION O L L ety

" ' BACKGROUND INFORMATION o

o “The cortrol of.carhon dioxide irairbyuse of a gas-absorption tower usmg ‘alquid absorber  , -

3 isa provens: and usable method. The experimental research areds concerning this-method- stress o f:

i the use of new absorbers; new packing materisls, gds flew dynamics, surfa.ce properhes, } g

s chemicrl reactions in the sorption process, ete, The ‘mechanics of the gas: absprption in the . £

° liquid ahsorber have been exf;enswely investigated (Referezzce 8). Car’ban dioxide-has heen Lk

shsorbed by alkaline sclutione of sodium carbonate (References - &and 10}, potassium carho~- | 2

nate -(Reference 11), and basic- sofutions-of amines suuh as monosthanolamine. {Reference 19),. . £

e ethyl morpholine (Referencs 13), anddiemanolamine {Reference 13). These amine-absorbers. :

: were regenerzble in that the absorbed gas wes relessed upon heating thé ghsorber. golution -

» to boxling thus réquiring considerable power. Ancther techrique Wwaso z:egenerate with
al ambiént air that had less carbon-dioxide than the air being eontrolled, e.s»wit:z tas camonate

, absorbers. o ‘

The chemical absorbers essent:aliy are reactants with carbondgioxide farming bicarbénaﬁes -
and carbonates in solution. The process of absorption was controlled by various.gas flow
factors, various absorption liquid characterishcs, the gas-ltiquid intefface properties, the
W chemical reactions cccurring, and the physical pa.rameters for the a.bsorpﬁon tower. These
are usually discussed in studies of gas absorption. Graf’ (Reference 4) discussged this gas

: absorption process as it applies to a tris solution absorber for-carkon diexzde with-CA, Re
s used both a bubbling tower and « standarddisc tower, and discusged a.bsorption temperatures,
: wetting rates, gas flow rates, gas-liquid ratios, rates of absorption, overall cueificient on
the gas phase basis, the log meansdrivingforce, the gas: -phase-efficiency, and the flow pattern
of the absorber. His conclusions were rather unique in that he recommended the use of tris.
for carbon dioxide removal, a compound that was recommended for use as 2 basic standard

because it did not absorb carbon dioxide from the air when in erystatline iorm crasa eolu- .
tion (Refererice 14), )

R e R

o A h vy n VA S G SR el A et
. it o
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m

A recycling air loop apparatus used inpriorwork (Reference.2) simulated s closed ecologi~
cal system in that a total volume of gases was monitored during the carbon dioxide control
process. The tris buffer demonstrated a carbon removal capability which was enhanced by
the addition of CA. The absorber with the enzyme was effective in accelerating the carbon
dioxide removal from the recycled air stream. However, the reverse process of descrption

T - SRR
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: of carbon dioxide from the tris solutions was not adequatély evaluated. The reaction was i 3

£ limited in part by the thermal inactivation of the enzyme and the effect of temperature on. ! b

§ the dissociation constants in the overall hydration reaction of carbon dicxide. i i

5 - ‘ ﬁf Al
Z e% The experimental work under this effort attempted to quantify the carbon dioxide desorption §
ﬁ& reaction factors such as temperature changes and nitrogen aeration in their effect on the L&
i ¥ : regenerability of the enzyme-iris absorber in short fime intervals of 30 to 60 minutes. ) 'Es’%
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SICTION T A
EXPERIMENTAL APPROACE _‘ o

In this effort, the omphasia was placed on evaluation of posaibls: bechniqueg wnicb. would

induce & rapid carbon dioxide desorption from an eénzyime-.ris-soiution after 4 cqrbon diexids, o -
absdrption run i an.all loop-epparatus using carbon-dioxide at various concentrations. I‘hesa_ - ¥
concentrafions were 270 ppm carbon dioxide in nitrcgen,uc 4% in air, 4,929 in: aiz, and 5.0% . P
i» =irugen, The quanHty of éarbon dioxide in the air loop was-hgsed on a: Joup.yotume 55880 s ode 3
éc g0 flat at. 5:0%; there dasdszseccofcarbondio deintheairloqpatzﬁ“* snei'i&!}mm N
Hg. For the other concentrationa of gas used in the eir-loop-the amount of carbis dmxide ~ o Frov
would: be correspondmglv less. The carbon didxide was mon ioredby iR-carbon-dicxide . . i
.analyzers while the g~ weré: ‘belng reciz:culated through.the 2ir loop apparatus. {Figure 1j; . P
ihe carbon dioxide concesfration was recorded contimwusly during- the shsorption process. . - I
aid durlng- "ec,rcnng The absorber solution was freed of dissoived catbon-dioxide by nifrogen ) v
! aeration-before being valved into-the air stream. The:pH of the solution was- momtored durizsg S
§ the -absorption process. . LT S 2
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,p APPARATI}SANDMATLRIA.;S e s el 8
%, The air loop agparaﬁxs +uged in prévious carhon dioxide a.‘nso:ber bmd{% {References, £
E 1 and 2) was modifisd for use in this+ork. The spparatus congisted- essenﬁaliy ofgnair 1
to rccucvlating pumg, & CO analyzer, and:a sampling loop nonn:eeh&hy ¥/d:4n, ooppyr taqbg:fgf g
ol with valving and flow- control devices, The air lo6p-apparatus. used in this wosk fs SRe‘ﬂehad 5 . ¥
Tigure 1 204 consists oftbaioﬂowin,,components« ; oo R PR E SR B
’°:§ i ’ - - s "I o ‘.':,:'1“"%
iF 1. Air Girculating Pump, DynaVac Pump, Modef% T R o
>y ColewParmerInstrumentsnd Eguipment(}o, S 2 - f > ;
o 2. Tap; Gas Purifier, Model 450 < . PR RPN
£ Matheson Co. . i < e e e 3w

3. Flowmeters, Tubs 2-65A. (0—100%) ami'mbaz-ssB (05 ), R

iy 36, g ¥
9 S R

A 14
( Brooks Rotameter Ce. ot T TS O
i 4, Gages, 10-0-10 in: Water, Magnehelic,. Differential Pressum R TN B
& ¥, W. Dwyer, Inc. N T -
, 5. Analyzer, IR, Carbon onxide 0-5% N.odel. laA el .f ; o Ty 4
id Bec!nnanlnsf:rument()o . Ce T e, o;
i 6. Analyzer, IR, Lira Model 200 00, 0-800 ppm . R
. Mine Safety Appliancss Co. A
i@g 7. Recorder,. Mulﬁf;ange , ) - ‘ s . I A
i E, H. Sargent & co. / 2T o
8. Valvés, 2-Way,. S*Way, and 4*-Way - e T, e
« Conant Brothers Co, In&. o S e e S 0
;1 , 9. 0" Tube, Pyrex, With Indicating Drierite - - . . oi

10. Trap. Byréx, Glass, Vapor, Vaguum Line, Cold: Type, In?araal ’ . X

i Volume 195 ce'With /4 in, ID Eolyurethawe Connecting Tubing. ST o S 0%
® 11, Samplifg Cell, “H” Shaped Cell, Lucite With>Ex£ra Coarse-Gas o B
b Dispersion Glass Plug,-Internal Volume 190 cc, Witb i/4in. ID R Sop
¥ Polyursthane Connecting 'I‘ubmg . . g ¢
3 12, Midvale Biilbs, 4, Connected With Poiyurethane Tubing ~ v s o e
13, Bubbler Tube, With Trap, Internsl Volume 199 oo, With 1/4 in, ID )
> Polyurethane Connecting’ Tubing ) ) . ks

) “The epparaius uiﬁ‘ered from that of previous studies - that an “H” shnped sampling cell £
Tt (Figure 2) was used, The loop volume Wwas fnoreased by . dving the water vapor trap intothe
air loop instead of being used ‘with tiie' sample loop. The total voiume. for the Ioop -and. the - E
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sampling cell-was calculated from. cmbon dioxide dilntion:curves at-25° and 740 mm Hv Pres~ . $o 3
sure, Valving aliowed the use of four Midvele bulbs in 4-trap- trap-sampla-n'apserieaso 1
that the abscrption solution at 25 mi aliquots could be run:in the air-loop. In addition, s bubbler R
tubse witk anin,, .gor wube foratrapwas. aged in&.test companson.oi NeOH, Ba(OH)z and tris - w d e
solutions. in 10; 20, or 25:m] aliqidtsas caibon dioxidesabsorbers, The bubbler tubé was siso { -
used to-trap carbon dioxide deserbed from the iris plus-enzyme: solutions by mitrogen. recircu- , X
lation and aerstion at the threa temperabires evaluated: 15‘ 25°%, and 33°, The bubbler tulié | - 3
Wwas also. ‘used when & DC potentlaiwas applied to the- elecb:odes on the ““H**-cell: with the flow= [ ’f
through nitrogen-aération techn.que he bubblér tubé was connected to the air Joop repiasmg o4
the midvalths. . o 3 - 1:{3 o t"“\?%
2 a o %
The *H'> cell'was a gas absurption tube. with provision for ‘emperatire sensing, heating or i g
coolmg for pH sensing and measurément, for medium recirculation and:for applying: a:Dec . PRI
potential across:the mediura, Figare:2. is-a schematic. .of the “H» celt. Ce Fo 1 . %ﬁ-
The volume of the “H’* céll assembled and with the: connectingmhing vias 190:cc 88 ' R
measured with water-at '18°, The “H* shape internal volums made use.oi-the hubbling gases-fo- ] ;;
initiate a-circulation of the ‘abgorbér solution withthé gas. bv..hblesinto the horizontal:portion: - %
in wich the -temperature was. senséd, Further circulationof the solution into the.other section . . e
of the cell allowed for pH ‘Bensing or: for the heating-and.conling; ‘by-a ¢old: ﬁnger condenser. . % ;%
The absorber solution was uged in 70.mi a.hgyots and. _l:evealed satiafa.ctory circulatiun in tha S
cell. . . : o R
2. MATERIALS P 7 - :‘:‘;"i";u 2T ’
e ‘o - .¥ ;A
Significant in-this invesﬁgation were the materials that previded ‘comparisons-of the ¢carbon. S
-dioxide abso:ption by tris Solutions of ths. énzyme with other standards. The compounds uséd St
were either CP or reagent grade chemicals, Soluticns were made -in distilled’ water, The.gases - i
weed were 270 ppm carbondioxide mmtrogen, 0:4% carhon.dioxide i air,4.92% carbon-dioxide i
in air, and 5,0% carbon dioxide in nitrogen. The analyses wexeﬁperformed by Air Products p -
and Chermeals, Inc., orby Methesop Co.,. the suppliers of the:gas mixtures, The nitrogen gas pood
waz 99.5% waber-pumped and was passed- through a soda lime camster hefore-use.-in aeraﬂon ;-3
. or as:the zero gas in standardizing the apalyzers. - R |
’ The compounds used were-as iolloWB* : g
1. Tris (tﬁ-hydroxymathyl)aminometha.ne, 99,94% 0. 2 and 0 1M Soluﬁcns . ,
; Eastman, ] e ’%
2. Carbonic Anhydrase, 100 ‘mg/10 ml of 0.05-M Tris Solution %
l Bionutritional v é
. 3. Sodium Carbonate, Reagent, 0.2 N Solution -
s 4. Sodium Hydroxide, Standard Solution, 2,000'N Solution- , X
=Y Analytical Chemists of Cincinnati ) . :
5 5. Hydrochloric Acid, Standard Solution, 2,000 N Solution 2%
o Analytical Chemists of Cintsunati L b j;\
25 e
& -; 6. Barium Hydioxide, Reagent, 0.2 N Solution T3,
B ; Matheson RN
3 A 7 _ i
e ; 7. Monpethanolamine (MEA) Tech, 0:1 M Solution _ N A
o i Matheson i e S AP
o‘ " I .o -
o % & )
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SECTION V.= .

e U

METHODS.AND PROCEDURES . . .

1. AIR'LOOP ABSORPTION-DESORPTION

The airloop apparatus shownin Fig 'reland the “H" call-in Figure 2 were used to evaluate,
the carbon dioxide abﬂorpﬁon by the various solutions»m 70 my aliquols. In this mathod,: ’dze
air loop was first filled:with-the carbon dio:dde-contaming .gas mixhire which-was-either 270

ppm carbon dioxide in nitrogen, 0:4% carbon dioxide in-air, 4. 92% éarhon dicxide: inair, o
! 5.0% -caibon dioxide in nitrogen by flushing with this gas mixbure; The gas.apalyzer was
standardized to read on the recorder 185-mm-for the 270 ppm-carbon dicxide: in mtrogen 80
mm for the 0:.4% carbon dio:dde in gir, or 150 mm for the'5,0% carbon dioxide iR nitrogen.
The 4.92% carbon dioxide.in air was indicated at 147.6 mm of the' recorder;After calibration,
-angd standardization of the carbon dioxide analyzer and the‘recorder, the flughing gas was
valved off and the air recirculating pump turned on. The. gasemin the aipiloop durmgthe
mixmg were monitored a8 to carkun dioxide conteat. The flushing: and recirculating of the.
gases in the air loop were repeated ntil- thesrecxrctﬂahng gases indicated a steady value of
carbon dioxide on the recorder 1o correspont to the. -millimeter range notéd above.

The “H” cell was connecued in & sample loop it-was separated from the sample loop by
means of 4~way valves. In a carbon- dioxide absomnonbnm the sa.mple ce}l was flushed with
nitrogen which had passed througiz 4 canister -of soda lime, to-assure carbon:dioxide fres
nitrogen. Nitrogen flushing was timed for 30 minutes for runs as a standardized:condition
for the air loop, the empty- “H” cell,. distiiled-water bianks, and a run using NaOH.. However, .
when tris solution with or without the enzyme was being evaluated, the-nitrogen:pericd.was.
at least one hour; the *¥me of aeration depended upon the type of solution-being evaluated as:d
the prior testing of the absorber solution since one-solztion may have been used in a series: of
runs lasﬁng several days.

Upon completion .of the nitrogen aeration pericd for the *‘H' cell and its contents, .
the nitrogen stream was valved-off and the-recirculating air loop stream with the:carbon
dioxide-containing gas. mixture was valved in. The:-changein carbon dicxide concentration was
continuously recorded, the temperature read, and the pH monibored and recorded: during the
run until a steady carbon dioxide conceatration was iidicsted on the récorder., :

After a fun with an abgsorbing solution in the “H’’ cell, the sample loop was valvzd off and
the air pump turned off, The air locp was. then flushed with the carbon dioxide-ccataining. gas
mixture and thus refilled with gases to attain a constant carbon dioxide content in the re-
circulating gas stream for another run,

2. SAMPLE LOOP PROCEDURE

In the sample loop, the procedure foiiowing the absorption run varied. By continued nitrogen
aeration, the desorption of the absorbed carbon dioxide occurred with time and was evaluated
by monitoring and recording the pH change. The temperature.of the sample absorber solution
was changed by recirculating water through the cold finger condenser which replaced.the ph
electrode in the “H’ cell during either the heating or cooling mude of operation. For cooling
the sbsorption solution, water at 2° was recirculated through he culd finger usinga varistaltic
pump; the temperature of the absorber solution was cooled to.a 12° to 15" range, When 45°
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; i ‘ water was recirculated by the water bath recirculator through the cold finger condenser, the
Lo solution temperature changed to 33°; with 55° water, the solution tempemture attained was
. Eg ; 40°. These changes in solution temperature wers slow and occurred gradually over a 30~ t
B . 60~-minute interval. The pH of the absorber solution was not monitoréd during the hesting or
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cooling periods but was measured. after 4 Btabie bemperav.u.rewas -attained: the coldﬁﬁge" 4

condenser was removed and the pH. electrode inserted-and-the pH- measured witheut tempera-
ture- compensation to obtam an approxima.e,pﬂ value.

With the vacuum desorptlon methdd, a vacuum:of28 inches: of memury was: apphed 4o-the
open end of the flowmster in the semple ioop. The. mtrogen gas had been valved off but was
opened slightly to:provide a bubbling gas:for. agitating the solution. The pH was not mbdnitored.

Wwhen vacuum was appliée. w the “H?? cell. Effects of témperatires: at. 15°, 25°, and 30° with

vacuum wére evaluated for carbon dioxide desorptionwith mtrogen hubbling for Hme pe::iods -

5f 30-and 60 minutss.. s

%,?

Quantitative data.on the carbon dioxidé desorbed waa obtained:in the fonomng Fpanner, AftG;*
an absorption- run: with an absorbnr solution, the sa.mpieaoop was valved off. and kept closed,
and the gas bubblér tube with- the impitger flask was vaived ifi-with 10 1al 0f 0.2 N NaOH: and
t.sed as 2 tfap. The residual carbon dicxide in- the aiv ‘loop was removed bythe recirclﬂatiozz
of the air loop gas stream through the NaQH in-the bubbler tube. After a steady Iow valiie
Ch zero carbon dioxide .conceniration was indicated on the recorder,ﬁle bubbler‘mbev,as
vaived out of the 2if loop, the air pump.was-shut off and:the Jood flushed with nitrogen gas
t5 check the zero getting and to-provide:-a zero gas in-a. desorption process, Th&NaOH inthe

bubblet fube was titrated with 01 NHCltopH 7 7 using neutral red and apH meter 457:?&}{ -

the end point. The bubbler tube was réfilled with 10-mi of 0;2.N NaOH and flushed with- nitrogen.
for 15 1o 20 minutes, The air loop was.ihen Valved: from-the ﬂushing gas: and the air- pumnp.
turned on. The carbon dioxide concentration. in the: aip cn‘cula*mg gas stream was at zero-on
the m carbon. dioxide analyzer and the re¢order, This zero gas air stream was then-uged fo
desorb-the carhun: dioxide from-the sample-soliition and to trap: .desorbed carbon dicxide in the
0.2’ N NaOH in the bubbler tube. This desorptiondprocess withthe zero gas. reeizculatmg stream

was performed with the cold fifiger condenser in the “H* cell which nmginteined the: soluﬁon

temperature at-either 15° or 33°,

Imhal runs with the hubbler tube: containing 4. 92% carbon dioxide:in the air: loop .gas stream
wére.uséd:-to obtain carbon dioxide concentration curves for -an empty tube, for one with-25 mi.
of 0.1 N NaOH, and one with 25 ml of distilled water, These-cuzves. indicated. the effactive~
ness of this technique for carbon dioxide trapping during the- desorpf;ion procéss. Carbon
dioxide trapping during a flow through nitrogen aeration of the absorber solution was tried
1n1tia11y but.was found i{o be- inadequate to measure desorbed carbon dioxiue.
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RESULTS ’
1. CARBON DIOXIDE ABSORPTION. snmms

The ¢arbon dicxide absomf:ion curves of 'the various- soluﬁons were: denved f:rom Jw acmai

curve sersed by the analyzers and' recorded, These recorded-curves were.dampened waves.

with a startat the initial carbondioxide content in the-air loop. and an: emimg ~which was:smooth.
Figure 3 ﬂlustra,tes gisch a-dampened wave, Thecarbon diomde ahsorption cufves-were:-drawn
from these waves bg connecting the-maxima-of. the peaks as indicated:in the-figuis, Since a
constant carbon diowude contentwas inﬁtallypresentanda constant carbon dioxide: coritentwas
indicated afier 2 70~, to 15-m’inute period; thesedrawn carbon: diomde 3bso:ptlon curves-ware
an adequate preseaﬁation of‘the change of carbon dicxide content in the air Ioop with tise, Thig

method' was used for the carbon dioxide absorp tion eurves-for 270 ppm -carbon dioxla@ ain

nitrogen, fof 0.4% ¢arbon dioxide in air, the 5:0% carbon dioxide in mtrogen, -and 4.92% ca:eban
dioxide in-air.

Ths three absorption cells,. the “E” céil, tae midvale bulbs -2nd the: hubbler tube (sketched in
Figure 1) werée runempty, with distiliedwai;er, and with-thevaricus: absarbers, pzdﬁdiﬁg Com=
parative curves, Figure 4 shows the “H»” céli éurves f0r-an empty. cell. for: distilied water,.
and for 0,004 N.NaOH, These are- typical curves: indicaﬁng faitly stalle éarbon dioxide values
after 12 minutes. Arbifrarily, the carbon dioxide values at:20 smimites were compared for
capacities and absorber effectiveness, The time intervals to attam -8 stable value not changing
more than 2:mm/3 min-timeinterval was: considered: the basis.for: comparing-the efficiencies
as to carbon dioxide absorption. The curves for the evaluation of the midvale bulbs as.an
absorption train ia Figure 5were congistent with those obtained with the “H* cell but were-iiot.
as effective, comparing specifically the NaQH at 0.1 N curve 2 in the: midvale bulb with the
NaOH at 0.6004 N in the “H’’cell'curve 3-(Figure 4), On this basis, the midvale bulba were
replacéd with the bubbler tube (Figure 2) that had an extra coarse glass pluggas a

ditfuger
Curve 4 in Figure 5 shows continiious absorption of thé residual: 002 of curve 3 in another
25 mi aliquot of NaOH

The carbon dicxide absorption curves-for the gas bubbler tube:in: Figure 6 show the curves
for NaOH, Ba(OH) o and monoethanolamine (MEA). The .‘é.’nar,(OH)2 solution was-discontinued:as

" a comparative absorber because the carbonate formed gradually plugged the grcund glass

gag diffuser and resulted in an increase in the pressure drep across the absorption cell,
Glass beads in the bubbler tube did not effectively increase the carbon dioxide absorption,
comparing curves 2 and 3 in Figure 6. The MEA ahsoxption curve verified previous work on

the effectiveness of MEA for carbon dioxide absorption, but was not considered applicable
for 002 trapping. }

A comparison of fris solution and sodium carbonate as to carbon dioxide absorption from
0.4% carbon dioxide in air in the “H* cell is presented in Figure 7. Curve 1 for tris at 0,02
M was similar to the curve obtained for sodium carbonate, The addition of the enzyme to tris

and to sodium carbonate revealed a catalysis of carbon dioxide abscrption as shown by curves
3 of Figures 5 ana 7.

The effectiveness of {ris for carbon dioxide absorption was further compared under the
various test conditicns in Figure 8. Tris at 0.1 M with 2nd witheut CA snd at 14° and 256°, and
at 0.05 M at 25° and 33° produced carbon dioxide absorption curves which showed that at the
lower temperature, tris plus CA had a greater capacity for carbon dioxide. This was-evident

when comparing curves 8, 4 and § in Figure 8, The effect of tris concentration on carbon \
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;_? dioxide- -ghsorption. may alsc be eompared in curves 4 agd 5. Tris at'0.1 Mplus. CA wasg aﬁec» - f
o tive ix carbon dioxide removalup t097%in a. 15-mimte Tecyele time, This earhon dioxide was 4
N releasable from the:tris-golution by merely- changingthe temperature-of the sclution: as-shown <
& in Figure 9. The ifis plus CA at'123° was Gsed in an absorption fun and'indicated 84% carhon -3
B dioxide remsval:compared with 58% carbondioxide remdvalior fris at 34°, By a change. in femi- oF
£, perature. of the tris solution, its capacity was.incieased-or-dscreased, the carhen dioside. 14
7 .change indicated in curvestand2of Figure 9; heginaing at eiiher 18° or 34°, This tempsratire 3
e cyciing was. efféctive. and consigtent, az evidenced by theidentical carhon dioxide content at- o4
1% ‘tained upon. the same temperatures of the goluticn. Fiom curve 1. chahge of 19 corresponded e
t¢ g.change from 1.66% carbon dioxide to-0: 93% carbon: dioxide in the: cxrculaﬁng airor 0.75% ’3;
N of the carbon *dioxide removed, This-same. ammmt of change,-0 3% carbon dioxide; was also- »*
5 _btained from-curvée 2 whether on the heatingor ¢uoling portion of the individual curves, It was 3
E significant here:thdt the ‘same solution wasused for both curves; curve. 2°heing oktained after a, >
; 15-hour resting: period followed by 4 hours of nitrogen aeration at 34%, The probiems met here’ %

.concerned the heating of- the enzyme solution, The heater- surface temperatm:e must not, exc\wd
the temperamze of enzyme inactivation which: was quite low. Jn:this work; the; temperature of,
f the recirculatinghot water was 45" for. attaming34° and-32.5° témperatires-in:the enzyme~tris.
¥ solution, Recirculating watex &t 55° wasneededto attain a-40° tamperature in ﬁme trig sofution.
& chevnr. the carbon diomde -absorption curves obtained for the t¥is plus enzyme solm‘.ion
H

showed typically a tris absorption curve-after this temperatuire was at’tamedin the enz;me-»
tris solution. "

[

11 b DRy A

M2

2 Tris-maleate. (TM) buffer was évaluated as- 4.carbon didgxide: absorber from the curves m .

k Figure 10 and 11 with 0:4% CO,, in 2ir and 5: 6% 'CO,, in"nitrogen. SRR 4 S
o TM plus CA solution, however,foamed excessively so that reduced mtragen aeraLon rates of ° %:3
250 cc/min ‘were-used for regéneraticn and 0.6 ¢fh. (285 ce/min) in the air loop, The effect.of .
¢ af applied DC potential on'the “H’? cell during an air-loop run revealed an.eccelerating effect e
; with 10-v DC applied with anegative potential at the ‘bubbler tube. In comparing curves 4-and-5. 3 %;

with 3, in Figure10; adefinite change may be seen indicating that an sppliedpotential- enhanced
carbon dioxide absorpnon and desorption, At the 1£-minute ﬁme intérval in Figure 10 where
curve 1 of TM-érosses curve 3 of TM plus CA, the carbon dioxide in the air loop-amounted to
1,599 with 1% of the carbon dioxide removed. The TM plus-CA with & 10 v:DC potential nega~
tive at the bubbler tube ind.catedanincrease in carbon dioxide absorption capa.city Curve 5.0f
Figure 10 showed 63% of the carbon- dioxide in: the air loop removed,

Pi

>\
=

P O S T T

( 2, CARBON T.{OXIDE DESORPTION STUDIES

Regeneration of carbon dioxide.absorptioncapacityof iris plus CA was accomplished by long
periods of nitrogen aeration atroom ambient conditions, The curvés in Figures. 12 and 13:show
; the effectiveness of this method. The use of a vacuum of 28 in. of Hg for 5~minute periods did
fg’ not increase the capacity butdid indicate possibly an increased.rate as evidenced by curve 8 in.

Figure 13. The pH of the tris plus enzyme solution in Figure 14 indicates an-intitial lag’ in ‘the
recovery to its original pH but then indicates a regenerated solution as to pH.-

pe e e

The effect of ‘the application of anelectrical potential to the tris solution plus CA in the “HY

cell during nitrogen aeration revealed an enhasced.pH regeneration-as in curve 2 in Figure 15. gw

: y but the subsequent carbon dioxide absorption curves, 2 and 3 in Figuré 12 did not reveal.this 2%

: positive effect as to capacity regeneration. The time of nitrogen aeration-betiween carhon | g
Fad § dioxide absorption runs was significant. There was an apparent crossing over of the carbon *;qf
3 3 dioxide absorption curves in the initial five minutes in Figure 12. This was significant since £X
NS ; this indicated an accelerated rate for those curvesin which an applied potential was used. The o 2%
tos z i time of nitrogen aeration between curves 2 and 3 was only 20 minutes compared with the 60 51
ot ! minutes between curves 1 and 2. Curve 4was obtained after the regeneration runs with ap~ ale
5%?;% - plied voliage periods and a-total nitrogen aeration time of five hours, The applicat aon of a DC A
i% § ¢ potential had a positive effect on this regeneraﬁon process. «f",;
S .8 g
e T Fo
g5 ¥ §
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& 3. pH CHANGES A A SRR
K3 - N R
* - g
L The pd changes in the tris solutions during carbon dim:ide a.eraticn -“were mt signiﬁcan* B
5 when the carbon dioxide at 270 ppm in nitfogen was used:as the recirculating gas.in:the S
{ air loop. A c¢hange of from 9.40 to 9.35 pH and from 9.45 to 940 pH was measured in rung B
; with tris at 0.05 M and iris 0.05 plus:CA evea-theugh thé zarhon diokide reduction was S
5 significant ia the carbon dioxide absorption curves 3 and: 4 in Figure. 1§, This- reduction *
& in carbon dioxide content was at 20 minutes based-on the enpty cell curve down to-40:ppm: S
B from en initial 226 ppm 002 content when tris plus CA was used. as indicated by curvezé.- A

. This was are 83% reduction in the carbon dioxide.content with only & 9.05. change-in-thepH,” - |
; However, when 5.0% or 0.4% carbon dioxide was:used in.the ﬂow-thmu@method of-aeration, S
w the pH changes were greater as shown in Figuve 17. These pH changes ranged from 0:9-to- *
1.4 units and dependéd upon:the initial pH and the absorber concentration, The:pH: changes of L
tris at 0.1 M during air loop runs ave indicated:in Figuve 18, curve 1 for-tbres consecutive

air loop rups using 5.0% carbon dioxide in nitroger in the air J,oop. These:&ir loop Fung,
shown in Figure 19, reve.l a saturation effect on:thie absorber and; concurrently,- aﬂsma.ner

o change of pH during the absorption process. Other curses: ehowing pH’ change in tris- with B “
',%? and without the enzyme are presented in Figures 20, 21, and 22, ) ) s
The pH changes in MEA during carbon dioxide aeration sre indicated in: Figure 28 These T
% pH changes were all steep and were stabilized at a Iow value when CA wag presenf. ; ) 3

Regeneration of the carbon dloxide absorption capuacity of the tris abgorber with and wita-~
cut the enzyme was accomphshed wita long nitrogen aeration as indicated:in éutve L-of
Figure 14 and 20 in which the. initial pH wasattainedin the solution.. The subseqient carbon
: dioxide absorption run in the air loop of tris in. another comparable sertes of:-carbon dio:dd‘e
: absorption runs with no nitrogen aeration between runs are-indicated in. F*gure 24, cunves
. 2, 3, 4, and 5. Curve 6 in Figure 24 provided a comparison as-to-the specific effects:of

) enzyme catalysis of carhon dicxide absorption by tris after temperature inactivation:of the 1%
N enzyme.

>
R R T O

Regeneration of the pH by nitrogen aeraticn was not enhanced by-the addition of selenité,
, an ion reported as having an accelerating effect on hydration of carbon dioxide acﬁvity
¢ Nitrogen aeration revealed no significant increase in the pH change over thatusing cnly
: tris and the enzyme as in Figure 25. The tris plus enzyme solution showed a. greater rate
: of pH change than was evident when only tris was aerated with nitrogen,

1Bl

. ]

. Regeneration of pH and the CO2 absorption capacity with the application-of-a vacuum of . ;’

¢ ’ 28 in, of Hg for the two 5-minute pericds and using nitrogen as a bubbling gas indicated E:
ST (Figure 14) a somewhat delayed effect for DH change., This delay was for 30 minutes or so, %
%ﬁ but- after the initial delay, the pH in the solution exposed:to vacuum recovered to & value i
«‘;% abovs that initially used. This effect was not unexpectied since the tris golution was one reused. a
30“% This eifect was compared te that in Figure 22 indicating pH recovery with a used solution i
A ‘ in cirve 1. Curve 2 showed pH changes for a freshly prepared solution which was not.as )
@&};’ great as with nitrogen aeration, This effect on freshly prepared solution was rationalized-as
= a “needed seasoning® process also observed by Gral’s work (Reference 3). L
r @ ) 51
B2 With MEA, pH recovery by nitrogen aeration (Figure 23) showed the catalytic effect for §:
A 2 carbon dioxide absorption and desorption, but because of excessive foaming aeration rates were h‘g‘é
Ny ! not compatable, Both curves initially had pH's of 11.25. o
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’ DISCUSSION OF RESULTS L ol

The ‘trig'solutiun at 6.1 ¥ revealél carhon:diozide-absorption. tha.‘ was- sigmﬁcanﬂy a..tered : L Foo
by the presence of 10 mgof CA. The pH chaage guring absorp.ion using: 4,92% in air was L340 .
1.4 pE wunits; this ‘changs was 1883 as the initial pH was less/basic, With 270@!‘ C% in. .

nitrogen ths pH change was small, l‘he tris plus enzyme absorption rumns- weze wn:parame to.
those of 0,1 N ¥aOH imabsorption:times.less. thag: 15.mimdes, but not as-efféctive.as for 0,2 . . 1.
N RaOH. The L7 of- the absorber solution was- di,rectly felated tothe carbon. dioxide concgntra- :
tion. in the: alr-loop, However, the. ca.r?. .n dioxide was nsver ccmpletely a:oaorbeifrom thea;r .
Joop with tris plus tke enzyme bul rsther leveled off at-some value less tbanJJm ‘of.ike
original concentration for ;1 M fris, NaOH at 0.1 N was effective al a somewha} s}omrrate "
of absorption,.bitt at-an-accelerated rate: when-thé-engymé wds present .
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Absorption by -fris plus the enzyme was Significantly aifectedby- ‘the bemperature éf fhe L
-sclution., At 13°, the final concentration of carbon dicxide -was lower and Isveled off ‘in a.
. shortec time interval, as indicsted in Table L The higher temperature résulted ﬁn ahigher
: fevel of reeideal carbon dioxide in the air- loop L.
A temperatw'e .changs of from 13°to 32.5° razsed the final carbon:dioxide. coucenta‘a*ion
from '0,69%, to 1. 67% Then, ‘upon coolmg the: absorber -golation from 32 5" {0 15’ the carbou
dicxide -contént in the rec;rculatmg air loop stream dropped'to 0. 83%, The-carbon dioxide
capacity. of the tris plus enzyme eolutxon decreased 0.84%-as-a result of the. change dn tem—
perature. The fime jatervals requ'ed to attain the steady temperahme states in the “H»
cell were compa:..le to the 15- to 20~minute absorpion cyule as indicated in curye 1 of
Figure 9, The heat exchacge suriace properties of the condeuser, However, were: defiritely
aot, optimim since the change in: tsmperahn‘e from 15%to 32.5° required 50 mmuies (curve 2
of Figure 9) and the change from 32.5° t0.15° reqmred 70 “reinutes, )
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Desorption of carbon dioxide with nitrogen aeratxon at 300 cc/min at 25° induced a s’iow
pH chaage upwards approaching the initiel pH, Ten:to 12 hours aerativn were needed 4o attain
the initial pE vaiue, A subseguent carbon dioxide absorption run.revealed s;bsorphon com-
pasable to-the originai desorbed solution, Carbondioxide trappi..g during the nittogen seration
with 0.1 N ¥aOH and-subsequent nitration with 0,1 N HCI revealed little carbon dioxide evolu-
tion in a 30-minuce interval of nitrogen aeration, This 30-minute interval was taken as being
equal to the tris carbon dioxide absorption run, ) n

N T A DA . bl Ol o s e et s
PINI e
il ande d g ot

The recycling of a nitrogen stream in the air loop through-the tris plug enzyme solutxon and
then through the NaOH trapping solution at 0,1 N or at 0.2 N.reveaied that desorption was (
affected by the temperature of the absorption solution, Titration of the NaOH with 0.1 N HCl ‘

v o

wg;,,,-g e

T

e e

gave the vaiues in Table II showing that higher temperatures induced the greater amount of ¥

carbon dioxide desorption, i*:

A desorption procedurs using a 32° tris plus enzyme solution with the addition of a DC gé

potential to the H cell and with the trapping of the released ca-".on dioxide in NaOH should i

reveal significant amounts of carbon dioxide released, gg,e

Desorption procedure of tris plus CA with vacuum at 2€ _ches of mercury with nitrogen l} &

bubbling and the desorption gas stream passing through 0,2 N NaCH 10 ml revealed little re~ ) 3&3

lease of carbon dioxiaw at 25°, The titvation of the NaOH with 0,1 N HCI revealed 2 a diffsrence s

of 0.35 ml of HC! or equivalent to 0,80 cc of carbon dioxide at standard conditions, At 33° e

$ desosption. of carbon dioxide with vacuum and nitiogen bubbling revealed a somewhat greater &

*s} ,  effect with 2,9 ml of 0.1 N HCL as-the difference in the NaOH titration or 6,64 co of CG 78

o § at standard condition, IS
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L TRdet = £
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Desorbed COQ«N
JResidual COZ*
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In the wvaricus: proposed methods for carhon dioxids control in a closed: envixonmenta,. con- -
trol systeir, the-decision to use.a.regenerative absorber ar adsorber will be based primarily -
wpon e capacity of the sorber and its regenerabihty. The chemical absorbers such:as the -

_ alkaline metals listed-in Tabie III, ‘have.good absorption capacity andxareveﬁeetive*for*a ofigs.
tune use, Thay prov-’de N0 rege: erabﬂ.ty, ‘however, as:toikbé absorphon -capacity or- carhon'
.dioxide recovery wittiout prohiditive power requ.irements for heating ﬁsmperatm‘es to de-
gomposs the resulting. carbonates. This necessarily led to-the consideration.of the-uge-of the
metal oxides such as magnesium oxide and silver oxide which.reacted with-carbon dioxide
to form carbonates that decorposed at soriewhat lower temparatures than those for sodium
and potassium carbonates, The melting poiut of the magnesium:carbenate; howaver, was 350° -
‘whereas its decomp031‘:*on temperature was in'the rnge of 448°to 549° Foi- lever carbonate
the temperatures were 121° {0.149° Sr decomposition, and 218% fur melting, but-the theoretical:

capacity was only 19% (0,19 1b/1b) of silver oxids. In view of:this capacity, other chemical
-abgorbers appéar competitive, ’

>,

The physical adsorbers, molecular sieves, have capacitles of about 6:poumds-of- CO Jber 100 .

pound's of sieve which is about 1/4 to 1/3 the capacity of silver oxideé, but:the. sieves .are
subject to inactivatior by preferential adsorption of water. The chemical absorbers such.as
the hydroxides and oxides are most-effective only when water is pr.esent.aSince water will e
a conirol constituent of the recirculating and:control gas gtream; it: is most reagonabie to use
a ccarbon dioxide contrecl concept that is effedtive. in-the water vapor concentrations expected -
in the controlled atmosphere. The chemical.concept thus best ﬁtslthe need,

Of the regenerable chemical carbon dioxide control techniques listed in Table v, sodium
and potassium carbonates are effective but of rather limited apphcation to-closed: ecological
systems, The amine -solutions with monoethanolamine and diethanclamine are. effective but .
are of large plant dimensiens, The monoethaaolamine was sibject to inactivation dus te oxida=~
tion of the amine, The loss of capacity was due to-stable carbonate formation of other derived
compounds which required somewhat greater temperatures for desorptzon of -carbon dicxide
than those for monoethanolamine,

The use of solid amines for carboa dioxide absorption is supported by experimental data,.
Their use is limited, however, by their relatively low capacities (see Table V). The Gat-o-
Sorb material capacity is abcut 1 to 2%. The resins so far evaluvated are in the 1 to 2%-carbon
dioxide capacity. These resins are activated when water is present and are desorbed of carbon
dioxide at relatively low temperatures, about 80°,

The present work withthe c.zyme, CA, inan amine solutiorx has shown.that tris has a proven
capacity comparable to silver oxide. Graf’s work (Reference 4) showed a eapacity for tris in
his runs with CA of 16.6%at 20°witk a carbon dloxide removal of 82,5% in a 20-minute pericd,
In the present work, the capacity for tris alone was 8,0% with a 78,2% carbon dioxide removal
after a 20-minute absorption period. Duringa 10-minuie absorption period at 25° with the CA
present in the tris, the capacity was increased fo 9 3%, and 91% of the carbon dioxide was re-
moved, The halving of the time is mostsignificant, When a more dilute tris solution was.used,
a greater capacity was found, up to 15.3% with only a 76% carbon dioxide removal capacity, in
a 10-minute time interval, When the absorption was run at 13° instead of at 25° as above, an
increase in capacity-to 17,.2% was.calculate.,. with 84% carbon. dioxide removal in a 10~-minute
period,
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TABLE “TII

) SOLXD CARBON DIOXiDB ABSTJRBERS

N © A
'l’heoretical Carbonate Carbonata s 1 -
] Cé)2 Capacity 'Decsmposition - ﬁelting (RN S
T Tgmyenature i Temperaturce ey >
Material (1b/1b} (°G) (°C) [

Lithiun Oxide
‘Lithium Hydroxide
Sodium Hxide

" -Sodium Hydroxide

Potassium Okide

Potassium Hydrozxide |

Magnesium Oxide
Magnesium Hydroxide

Caleium Oxide

1" ""7

h

727
ééé-:-,‘jé_Q ‘
349549
671-838

Caleium Hydroxide 0,60 T ——
Silver Oxide 0.19 | 1o b a8
i TABLE 1V ) 5 '
B *'LIQUID CARBON DIOKIDE Ansomsansl :

CO2

Soiubility
‘ou ft/gal)

002 Net Absorption Capacitx
T (én £t/gal)

‘e
- §
vo
¥ K

o

Sd st AT v

Vet

.
[

: 2596 750C
% * - - n - S . . h
B 2 N Na, €O 2.41 1,21 1.20
-;:v A 2 3 - M
Gl Y _ . - t - g i . i
}Tﬁ‘{f{ 4 5 N cho 5045 ' 2.55 2:90 N 3
faf 3 . - - g
N N o " - - ¥ vl
N 4N Triethanolamine | 2.28 0.18 2,10 . : .
, R f 1
3‘3 o 5 N Diethanolamine 1 8.55 3.00 5,55 ; i:
& 4. ’ 9.5 N Menoethanolamine | 15.4 12.0 : 3,40 B 3
R 5 { e X N . . A - ok I";
P s ~ > - . L ;a
2 b % o
& »2/=§ ed
;g}:ﬁ’{ 1 - g
’V, o i %
> o ;i ' éz Q?G_.;
i N
T ed
v P e
- q ‘v" R ? RIS ) v e,
TG T . E
P e e . e _ 24 g e




. i s
P k] www*x‘ !
LR SML

%

»

R0

g

@ 0 e g
o, 9

TS
ORI

5, s

~rap e
e

S

L T S T LR Lt SR i

e

~

e « % i i e LTy
Syt o L o St o R g e S

Dy g e

-

. etk vvl :,@s,""

r

AMINE ABSORBER CAPACTTY VERSUS MOLECULAR SIEVE - -

o P
i X N ¢ 2
R TN — 4
I s oL - H <
- = N by .S -
- - . LSEIN
o - ~ > >
N - T T~
v A M ] -
w i, .
= = - ~
_ S SN
. s
- - -
s - I
Rt U S - o Lo ¢
- £e ~ .

Material

raredns b
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7 E@Sﬁ;;tiqg‘fx
_Capacity_

Type

e IR 45 Rohm & Aaas
. Permutit A
“Nalcite SAR

Epon 562 and Di-
" ethylene triamine

Resin Slurry
Polyethyleneimine

Gat-o-8orb
Tris Plus CA

Molecular Sieve

| Weak Basé Resin
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The>enzyme catalyzed carhon dioxide adsorption by amines has a possible application to: solid
carbon dioxide absorbers which are -chemically active in the presence-of water vapor-iu-the-
controlled gas stream A significantreduction was indicated in-the time: of absorption for the
amines, The. absorber capacity remained high and-the réaction with-carbon-dioxide Jndicated
a steep -absorption front. The regenerability of anenzyme catalyzed amine abaorber, however,
requires additionsl-study-as fo its limitatiohs. Theénzyme activity i limited: to temperaiires
below 40° and thus heat regeneration i3 not indicated. The vacuum degorption was. apparenily
ot too effective under the conditions that existed-during this effort, The application of elec~
trical potentials to the sorbing medium.shouldbe investigated. further since a-positive effect.

upon descrption was indicated,
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SECTION IX . - . .-
SUMMARY

, . . .
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The *h-house mveertigaticns degeribed in this repor? evaluated the eﬁeeﬁveness oiﬂa :in PR
cataiyzing a carbon- dioxide- absorp*ior. and degsorption process un:izis: selu’cicn. The CG e~

mo“al curves provided the data on capaoity and eifectivaness and the hasi.&éor mﬁpariso‘» -
th.standard absorbers. - =

3 Tris enzymic. solutious aﬁect:mly b ’nw@d 76 te 80 Qf tﬁ&wbon dioxide in 8. g&s&mﬁ Sio

in shoft time intervals of 10 .minufes, Temyemtlmes 3639 3ome room: ambient exhanced the - - s
capacity and’ fiie removal pemeptages. 'Eemperaimes abowe fi=on. wabient favored dﬁsorpﬁonf e
of carbon-dioxide-end limited ensyme-activity when: above &4, - .
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Further study i8 required on:the specific.effects.of oxygen: e.nd amjine- mféraotjms -8S. thsse
affect the: carbon dioxide hydration catalyzed oy the- enzyme.
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